Background: In some patients with nonischemic idiopathic dilated cardiomyopathy (DCM), left ventricular (LV) dysfunction improves spontaneously but can recur. The factors predicting recurrence of LV dysfunction in recovered idiopathic DCM are poorly defined. We investigated the clinical, echocardiographic, and laboratory variables affecting recurrence of LV dysfunction in patients who recovered from DCM. Hypothesis: The recurrence of LV dysfunction in recovered idiopathic DCM is impacted by clinical, echocardiographic, and laboratory variables. Methods: The study comprised 85 consecutively enrolled patients (62 males, age 57 ± 16 years) with DCM who achieved a restoration of LV systolic function. Patients were followed up for 50 ± 33 months after recovery from LV dysfunction without discontinuation of standard medication for heart failure with depressed ejection fraction. Clinical, echocardiographic, and laboratory variables were analyzed to identify factors independently associated with recurrence of LV dysfunction. Results: LV dysfunction recurred in 33 patients (23 males, age 64 ± 12 years). Univariate analysis revealed that age, duration from initial presentation to recovery time, diabetes, and LV end-diastolic dimension (LVEDD) at initial presentation were associated with recurrence of LV dysfunction. Multivariate analysis revealed that only age, diabetes, and LVEDD at initial presentation were independent predictors in patients who recovered from LV dysfunction. Conclusions: The recurrence of LV dysfunction was significantly correlated with age, presence of diabetes, and LVEDD at initial presentation. Clinicians should consider maintenance of intensive care to patients who recovered from DCM with these factors.
Introduction
In some patients with nonischemic idiopathic dilated cardiomyopathy (DCM), left ventricular (LV) dysfunction improves spontaneously.
1 -3 With standard medical therapies, marked improvement of LV dysfunction is achieved in one-third of patients. 3 The clinical course of these patients with recovered idiopathic DCM has not been fully established, although LV dysfunction can recur. The factors predicting recurrence of LV dysfunction in recovered idiopathic DCM are poorly defined. Persistent ultrastructural changes are a suggested etiology of recurrence of LV dysfunction. 4 In the present study, we investigated the clinical, echocardiographic, and laboratory factors affecting recurrence of LV dysfunction in the patients with recovered idiopathic DCM.
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Methods
We consecutively enrolled 85 patients (62 males, age 57 ± 16 years) with idiopathic DCM who achieved restoration of LV systolic function. The medical records of all patients were retrospectively reviewed after informed consent was provided.
At the initial presentation of DCM, LV dysfunction was confirmed by echocardiography according to the recommendations by the American Society of Echocardiography. 5 LV dysfunction was defined as an ejection fraction (EF) <40% by echocardiography. Coronary angiography or coronary multidetector computed tomography (MDCT) was performed to exclude LV dysfunction caused by coronary artery disease. We also excluded patients if the LV dysfunction was caused by any of the following: acute myocarditis, stress-induced cardiomyopathy, peripartum cardiomyopathy or cardiomyopathy caused by valvular heart disease, tachycardia, sepsis, metabolic disease, or endocrine disorders. All patients were treated with standard medical treatments for heart failure (HF) with depressed EF following current guidelines. 6 The restoration of LV systolic function was defined as recovery of the EF above 45% and increment of EF ≥10% compared with the initial EF. As the discontinuation of standard medication for HF with depressed EF might lead to the recurrence of LV dysfunction, 7 all of the patients continued to be treated with standard medical treatments for HF after recovery from LV dysfunction. Patients were followed up for 50 ± 33 months.
At the presentation of recurrent LV dysfunction, coronary angiography or coronary MDCT was done to exclude LV dysfunction caused by coronary artery disease. All patients were divided into 2 groups according to the recurrence of LV dysfunction: without recurrent LV dysfunction (n = 52) and recurrent LV dysfunction (n = 33). Clinical, echocardiographic, and laboratory variables were analyzed to identify factors independently associated with recurrence of LV dysfunction. Laboratory variables already identified as predictors of poor outcome in patients with HF were evaluated.
8 -11 The variables included hemoglobin, hematocrit, red cell distribution width, serum sodium, and serum creatinine. The echocardiographic and laboratory findings at the initial presentation of DCM, after recovery of LV dysfunction and at the final follow-up, were monitored. SPSS version 13.0 software (SPSS Inc., Chicago, IL) was used for all calculations. Data are shown as the mean ± standard deviation for continuous variables and as percentages for categorical variables. Comparisons were conducted by unpaired Student t test. Between the groups, clinical and echocardiographic variables were analyzed to identify factors associated with recurrence of LV dysfunction by univariate analysis. Variables that significantly differed between the 2 groups were entered in multivariate analysis to identify factors independently associated with recurrence of LV dysfunction. Multiple logistic regression analysis was performed to assess independent predictors for recurrence of LV dysfunction. A P value <0.05 was considered statistically significant.
Results
Patients were followed up for 50 ± 33 months after recovery from LV dysfunction without discontinuation of standard medication for HF with depressed EF. No patient required readmission related to recurrent HF or optimization of medication from the time of diagnosis of LV dysfunction to the time of recovery. LV dysfunction recurred in 33 patients (23 males, age 64 ± 12 years). Thirty-three patients (39%) were included in the group with recurrent LV dysfunction, and the remaining 52 patients (61%) were included in the group without recurrent LV dysfunction.
Baseline clinical characteristics according to the groups are summarized in Table 1 . Patients with recurrent LV dysfunction were older than those without (64 ± 12 vs 53 ± 16 years, P = 0.001). Compared to the group without recurrent LV dysfunction, those with recurrent LV dysfunction had a significantly higher rate of diabetes mellitus (P = 0.005). Duration from initial presentation to recovery time was significantly longer in the group with recurrent LV dysfunction than without (29.9 ± 28.1 vs 15.3 ± 11.5 months, P = 0.01). There was no significant statistical difference in medical treatments between the 2 groups. No patient underwent intracardiac defibrillator or cardiac resynchronization therapy in either group.
The results of echocardiographic findings are listed in Table 2 . At the initial presentation of DCM, the LV enddiastolic dimension (LVEDD) of the group with recurrent LV dysfunction was larger than that of the group without recurrent LV dysfunction (68 ± 8 vs 64 ± 8 mm, P = 0.014). LV systolic function measured by EF in patients with recurrent LV dysfunction was similar to patients without recurrent LV dysfunction (27 ± 9 vs 24 ± 6%, P = 0.063). There was no statistical difference in the other initial echocardiographic parameters of LV end-systolic dimension, left atrial diameter, and grade of functional mitral regurgitation. After restored LV systolic function, there was no statistical difference in all the echocardiographic parameters between the groups. When the LV dysfunction relapsed in the group with recurrent LV dysfunction, the LV systolic function measured 30 ± 9% of EF. In the group without recurrent LV dysfunction, the LV systolic function was maintained as 57 ± 9% of EF at the final echocardiographic follow-up.
The laboratory findings did not show any significant difference at the initial presentation of DCM, after recovery of LV dysfunction and at the final follow-up (Table 3) .
Univariate analysis revealed that age, duration from initial presentation to recovery time, presence of diabetes, and LVEDD at initial presentation were associated with recurrence of LV dysfunction. These variables were entered in multivariate analysis to identify factors independently associated with recurrence of LV dysfunction in patients who recovered from LV dysfunction. In a multiple logistic regression model of recurrence of LV dysfunction, age, presence of diabetes, and LVEDD at initial presentation were independent predictors associated with recurrence of LV dysfunction (P = 0.023, 0.026, and 0.006, respectively; Table 4 , Figure 1) .
Discussion
The present study demonstrated that age, diabetes, and LVEDD at initial presentation were closely related with recurrence of LV dysfunction in patients who have recovered from idiopathic DCM. LV systolic function improves or normalizes in one-third of patients with idiopathic DCM. 3 Although the prognosis of these patients with recovered idiopathic DCM is excellent, 8 the prognosis of patients with LV dysfunction that persists or worsens can be dire, despite advances in medical therapies.
12 -14 In some patients recovering from idiopathic DCM, LV dysfunction recurs without any clinically specific reason. 7 These patients might have a poor prognosis, although their clinical course has not been specifically investigated. If clinicians could predict these patients in advance, these patients could be managed properly, and clinicians could continue to pay attention to these candidates for the recurred DCM irrespective of clinical improvement. In our previous study, LVEDD at initial presentation was significantly correlated with the recovery of LV dysfunction in patients with idiopathic DCM. 15 Increased LV size and volume are powerful predictors of reduced survival. 16 Remodeling of LV is accompanied with histopathologic changes that include loss of myofibrils, 17, 18 myocyte hypertrophy, 19 and decreased collagen support of adjoining myocytes. 20 By increasing LV wall stress, remodeling of LV might aggravate myocardial structural integrity. In the present study, patients with recurrent HF had a larger LVEDD than those without recurrent HF at initial presentation. At initial presentation, larger LV size might intensify the disruption of myocardial ultrastructure.
Although it was not confirmed by myocardial biopsy, the initial myocardial ultrastructural disruption might persist after restoration of LV systolic function and result in recurrent LV dysfunction. Clinical and hemodynamic improvement and normalization of echocardiographic parameters might not present the recovery of idiopathic DCM. In present study, the echocardiographic parameters of both groups showed no statistical difference after restoration of LV systolic function. In 39% of the study population, LV dysfunction recurred. After discontinuation of standard medical treatments for HF with depressed EF, LV dysfunction recurred in patients with restored LV systolic function. 7 Unexpected sudden death can occur in patients with recovered LV dysfuntion. 4 In animal models, persistent structural deterioration of myocytes were noted after recovery from pacing-induced cardiomyopathy. 20, 21 These data suggest that the myocardial ultrastructural changes persist even after normalization of LV systolic function. The myocardial structural integrity beyond EF representing LV systolic function might be more important in the recurrence of LV dysfunction in patients with recovered idiopathic DCM.
In the present study, aging was a predictor for recurrence of LV dysfunction in recovered idiopathic DCM. Aging myocardium is more susceptible to pathologic damage owing to decline of mitochondrial functional activity. 22 Also, the regenerative capacity of myocytes gradually declines with age. 23 Aged myocytes display changes in function and replicative capacity. 24 At the ultrastructural level, the complete recovery of DCM might not be achieved, especially in the elderly, even though LV systolic function is normalized. Furthermore, hemodynamic change that occurs with age, such as increase of LV wall tension due to arterial stiffness, 25 might influence the recurrence of LV dysfunction in patients with recovered idiopathic DCM.
With change in cardiac energy metabolism, diabetes could lead to impaired cardiac functional reserve capacity. 26 Several factors, such as impaired intracellular calcium homeostasis, increased reactive oxygen species generation, and augmented lipid storage leading to lipotoxicity and mitochondrial dysfunction have been suggested as contributors for alteration of cardiac energy metabolism in patients with diabetes. 27 Alterations in cardiac energy metabolism might have induced deleterious ultrastructural effects, ultimately leading to the recurrence of LV dysfunction in the patients presently studied.
Although the present study suggests that the main mechanism of recurrence of LV dysfunction in patients with restored idiopathic DCM is ultrastructural disruption beyond EF representing LV systolic function, it was not confirmed by endomyocardial biopsy or cardiac magnetic resonance imaging (MRI). Although a biochemical examination of endomyocardial biopsy could be used as a research tool, it still has limited value. 28 Several endomyocardial specimens might not represent the rest of the myocardium. 29 Given the limited available evidence, endomyocardial biopsy is recommended for those with specific indications. 30 As the population of the present study was not included in appropriate indications according to the guidelines, the endomyocardial biopsy was limited ethically. Cardiac MRI is costly and not widely available. The role of cardiac MRI has not been established in patients with recovered idiopathic DCM. In real practice, clinical and echocardiographic parameters, rather than endomyocardial biopsy or cardiac MRI, could be applied as more useful and easily measurable predictors of the recurrence of LV dysfunction without any ethical and safety concerns. Biomarkers might be useful for predicting recurrence of LV dysfunction. Increasing evidence indicates that biomarkers provide insight into underlying pathophysiologic mechanisms and biologic pathways, while predicting outcomes in patients with idiopathic DCM. 31 As biomarkers were not measured in most of the present study population, the role of biomarkers for predicting recurrence of LV dysfunction could not be demonstrated. Further studies would be needed to demonstrate the role of biomarkers for predicting recurrence of LV dysfunction.
Selection bias might be a limitation in the present study. The study population was highly selective for those who recovered from idiopathic DCM. As the present study was retrospective, not all patients who recovered from idiopathic DCM during a certain period were enrolled. Many patients who dropped out during the follow-up could not be evaluated. As clinical and echocardiographic followup were usually more frequently done in patients with HF, relatively more patients without recurrent LV dysfunction might have dropped out.
Conclusion
The recurrence of LV dysfunction was significantly correlated with age, presence of diabetes, and LVEDD at initial presentation. Continuous clinical follow-up and maintenance of proper medical treatment should be considered even after restoration of LV dysfunction.
